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ABSTRACT

Power margins have been calculated and the results
tabulated showing the capabilities of eight available options
in the configuration of the Apollo Unified S-Band (USB) 1M
downlink.

The results show the following:

Frequency Modulation Modes

- - T - 77— - -1y Television-transmitted from the LM erectable antenna =
to a DSN (210') station at low power is expected to
be marginal; however, the voice, 51.2 kbps telemetry,
and biomed data that are transmitted with it will be
lost.

2. Television, telemetry (BER=10 4) and Extra Vehicular
Communications System (EVCS) voice with biomed data
transmitted simultaneously from the LM erectable
antenna to an MSFN (85') station or from the LM
steerable antenna to a DSN (210') station is expected
to be satisfactory only at high power.

Phase Modulation Modes

1. Low bit rate (1.6 kbps) telemetry (BER-10 6), base-
band voice, and key data transmitted from the LM
steerable antenna to an MSFN (85') station are all
expected to be satisfactory even at low power
(ranging could also be accommodated,if required).

2. High bit rate (51.2 kbps) telemetry (BER=10 6
normal voice with biomed data transmitted
simultaneously from the LM erectable antenna to a
DSN (210') station is expected to be satisfactory
even at low power.
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MEMORANDUM FOR FILE

Introduction

Extended periods of lunar surface activity require
optimum use of the Unified S-Band (USB) communications system

to conserve electrical energy on the LM and to obtain the data
required for mission operations.

To aid in identifying this optimum utilization,
power margins have been calculated. The results of these
calculations, the capabilities-of the available options in
the configuration of the Apollo USB LM downlink, are tabulated
in Tables I through III. The margin equations used in the
calculations are those presented in reference 1. The USB
system parameters used in the calculations are contained in
Table IV. The eight options of the downlink configuration
that are considered here are the possible combinations of the
following:

1. High or low power transmissions from the IM,

2. LM transmissions from the steerable or the erectable
antenna,

3. LM transmissions to an MSFN (85') or a DSN (210")
ground station.

Table I summarizes the quality expected (acceptable
(+), marginal (*), and unacceptable (-) ) at the ground station
of the possible types of LM data when this data is transmitted
via the LM downlink. Eight possible options in the
configuration of this downlink are presented in the table.

Table II shows the total signal power and the signal
to noise power density ratios that are expected at the input
to the ground station receiver for eight options of the down-
link configuration. The total received signal power is
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identical in both frequency modulation (FM) modes and phase
modulation (PM) modes; however, this is not true for the
signal to noise density ratios. For the FM modes, the system
noise temperature is constant (210°K was used here), but for
the PM modes this parameter is a function of the received
carrier power, see reference 1. The ratio then of total
received signal power to noise density (RT/KoT) in the PM

modes is a function of the communications mode being trans-
mitted by the LM. Downlink modes 2 and 5 represent the
maximum and minimum magnitude respectively, for this ratio;
therefore the two entries in Table II for (P ) are

. . T /KoTs
bounds on this ratio.

Table III shows the minimum total received signal
power and the corresponding signal power to thermal noise
density ratio required for the possible types of data that
can be transmitted on the LM downlink in order that all
-~ - - - communications perform satisfactorily.

Results

The results obtained in this analysis are summarized
in Table I. The entries in this table are obtained by first
finding in Table III the magnitude of total received power
that is required for the selected data to be usable, and then
determining from Table II if sufficient total received power
is available in the downlink configuration considered.
Although the numerical magnitudes of the power margins are not
contained in Table I, they can be readily obtained in decibels
by the use of Tables II and III.

Conclusions

Frequency Modulation (FM) Modes

1. Television, when transmitted from the LM, is trans-
mitted simultaneously with telemetry, voice and Biomed data.
When this combination (LM FM Mode 10) is transmitted from the
erectable antenna to a DSN (210') station at low power,

a. the television is expected to be marginal,

b. the 1.6 kbps telemetry is expected to be
satisfactory, and

c. the 51.2 kbps telemetry, voice, PLSS status, and
biomed data will be lost.
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2. When only an MSFN (85') station is available, only
the erectable antenna in the high power mode will provide
usable EVA biomed data.

Phase Modulation Modes

The LM low power mode will provide the following
usable data:

1. A full PM mode (51.2 kbps telemetry (BER=10—6) voice
with Biomed data and ranging) transmitted from the LM erectable
antenna to a DSN (210') station.

2. Ranging, 1.6 kbps telemetry (BER=10"°), baseband
voice and key data transmitted from the LM steerable antenna
to an MSFN (85') station.

Ll ,f:ZEAéQ;/g;}{;e¥‘QL;>

2034-NWS-mbr N. W. Schroeder

Attachment
Tables I thru IV
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TABLE IV (Continued)

UPLINK MODES ~ CSM:

2106.4 MHZ LM/SLV - 2101.8 MHZ

SIGNAL MODULATION SUBCARRIER PEAK CARRIER
MODE COMBINATION TECHNIQUE FREQUENCY (MHZ) DEVIATION
1 Ranging PM on Carrier --- 1.34 + 0.13 Rad
2 Voice FM/PM 30 1.85 + 0.18 Rad
3 Command PSK/FM/PM 70 1.85 + 0.18 Rad
4 Ranging PM on Carrier -—- 0.38 + 0.04 Rad
Voice FM/PM 30 1.2 + .12 Rad
5 Ranging PM on Carrier - 0.38 + 0.04 Rad
Command PSK/FM/PM 70 1.2 + .12 Rad
6 Ranging PM on Carrier -— 0.44 + 0.04 Rad
Voice FM/PM 30 1.0 + 0.1 Rad
Command PSK/FM/PM 70 1.0 + 0.1 Rad
7 Voice FM/PM 30 1.1 + 0.1 Rad
Command PSK/FM/PM 70 1.1 + 0.1 Rad
8 Ranging PM on Carrier -—- 0.38 + 0.04 Rad
Backup Voice FM/PM 70 1.2 + 0.12 Rad
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